It has been known that nematodes develop immunomodulatory strategies to escape from the hosts' immune attack, including interference with antigen processing by cells of the innate immune system or evasion of humoral and cellular immunity by antigenic variation \[[@b1-kjp-55-4-439]\]. Intestinal nematodes have ability to induce Th2 immune responses which have been shown to be important for control of the infections \[[@b2-kjp-55-4-439]\]. Nematode infections enhance the induction of dendritic cells (DCs) supporting the result of CD4^+^CD25^+^Foxp3^+^ T cells (Tregs) populations and production of anti-inflammatory IL-10 in the intestine and gut-draining lymph nodes \[[@b3-kjp-55-4-439]\]. It has been found that Tregs to be involved in the parasites immune escape and to prevent the protective immunity to helminths \[[@b4-kjp-55-4-439]\]. In this regard, some of the nematodes, including *Trichuris* spp. \[[@b5-kjp-55-4-439]\], *Heligmosomoides polygyrus* \[[@b6-kjp-55-4-439]\], and filarial worms have been investigated and have shown significant anti-inflammatory effects in experimental studies. There is an essential need for more research to identify the most suitable helminths for this purpose.

The most important criteria for the introduction of other nematodes is recognition and availability of them. The nematodes *Syphacia* spp. are pinworm nematode parasites infecting laboratory animals in high abundance. These nematodes belong to the order Oxyurina (*Syphacia obvelata* and *Syphacia muris*) and are colonized in large and small intestines of mice and rats. Identification of *Syphacia* spp. is based on examination of male worms for the position of the mamelons. Female *S. obvelata* and *S. muris* differs only in the location of the vulva that is being anterior in *S. obvelata* than that in *S. muris* \[[@b7-kjp-55-4-439]\]. *S. obvelata* lives in the caecum and anterior colon of the host, where the female matures within 11--15 days. Gravid females deposit an average of 350 eggs in the perianal region, which develop into infective third stage larvae within 20--24 hr \[[@b8-kjp-55-4-439]\]. It has been well documented that *S. obvelata* infections can have efficacy on the results of immunological experiments and interventions \[[@b9-kjp-55-4-439],[@b10-kjp-55-4-439]\]. Remarkably, the preexisting infections of mice with *S. obvelata* \[[@b9-kjp-55-4-439]\] can reduce the incidence and severity \[[@b9-kjp-55-4-439],[@b10-kjp-55-4-439]\] of experimental rheumatoid arthritis (RA).

Regarding the prevalence of species, BALB/c mice have shown a higher sensibility to *S. obvelata* infection compared with the C57BL/6 strain \[[@b11-kjp-55-4-439]\]. However, there are documents that mouse strains influence susceptibility to some diseases; C57BL/6 strain is more susceptible to express many inflammatory conditions compared to another strain \[[@b12-kjp-55-4-439]\].

Analysis of *S. obvelata* mouse model has the potential to manifest activated immunological responses by the host to encounter infection with helminth parasites. This could be considered as a useful tool for preventive studies and therapeutic approach in medicine, and also for expanding the novel therapies to treat the autoimmune and inflammatory disorders. The main aim of this study was to investigate the immunological patterns of *S. obvelata* infection in C57BL/6 mice.

Parasite-free C57BL/6 male mice at 6- to 8-week-old and weighing 20--24 g were purchased from the animal laboratory core facility of Royan Institute of Iran. Before starting the experience, to ensure absence of parasite infections in mice, formalin-ether concentration and scotch tape anal swab tests were conducted. The mice were matched by age and weight with a control group. All mice were allowed to adapt for 7 days before the experiments according to the described protocol previously \[[@b13-kjp-55-4-439]\]. The mice were kept under conventional conditions, housed in mice cages with 12-hr light--dark cycle in standard animal cages and fed with standard commercial diet, as well as plastic bottle water ad libitum. C57BL/6 mice were infected through the cagemates with self-infected BALB/c mice. The scotch tape test revealed the presence of *S. obvelata* eggs in C57BL/6 mice from the 14 days on. The recognition of eggs and female *S. obvelata* was based on criteria to helminths of mice \[[@b7-kjp-55-4-439]\]. *S. obvelata* gravid females were collected from the caecum and colon of experimentally infected C57BL/6 mice and destroyed mechanically to harvest the eggs. Their eggs were sufficiently embryonated to continue developing into the infectious phase under appropriate artificial conditions. These conditions consisted of a 4--6 hr incubation period in a 0.9% saline solution at 37°C \[[@b8-kjp-55-4-439]\].

Twenty parasite-free C57BL/6 male mice were divided into 2 groups: control and infection groups. Each of 10 helminth-free C57BL/6 mice (infection group) were inoculated orally with 500 infective *S. obvelata* eggs via a gavage needle. Mice were sacrificed 4 weeks post-*S. obvelata* infection. The mesenteric lymph nodes (MLNs) were removed aseptically and homogenized in glass tissue grinders with RPMI medium, and then suspensions were pressed through a 70-μm nylon cell strainer (Falcon, BD Labware, Franklin Lakes, New Jersey, USA) to remove temperature and discard the supernatant. The cells were resuspended in 5 ml complete tissue culture medium (RPMI containing 10% FCS, 2 mM L-glutamine, 100 μg of streptomycin/ml, and 100 U penicillin/ml). Cells (1×10^6^) without using anti-CD3 were cultured in 24-well plates and incubated in a CO~2~ incubator at 37°C and 5% CO~2~. Supernatants were collected 12 hr later and stored at −80°C until assayed for cytokine production. The levels of tumor necrosis factor-α (TNF-α), IFN-γ, IL-10, and IL-17 in cell culture supernatants were measured using commercial ELISA kits (R&D Systems, Minneapolis, Minnesota, USA) according to the manufacturer's introduction. In brief, mouse TNF-α, IL-17, IFN-γ, and IL-10 were detected by biotinylated monoclonal antibodies, which were evidenced by avidin-conjugated horseradish peroxidase followed by incubation with tetramethylbenzidine (TMB) substrate. The minimum significant values of these assays were: 31.3 pg/ml for TNF-α, IFN-γ, and IL-10 and 15.6 pg/ml for IL-17. OD values at 450 nm were recorded using Anthos ELISA reader.

To evaluate the effects of *S. obvelata* infection on the percentage of CD4^+^CD25^+^ Foxp3^+^Tregs, mice in control and infected groups were sacrificed by cervical dislocation 4 weeks post- *S. obvelata* infection. Flow cytometry was performed with cells from MLN. Cells were stained using mouse regulatory T cell staining kit (Miltenyi Biotech, Bergisch-Gladbach, Germany) and analyzed on FACSCalibur (BD Biosciences, Mountain View, California, USA) with CellQuest software. The following conjugated antibodies were incubated with lymphocyte populations: fluorescein-isothiocyanate (FITC)-conjugated anti-mouse CD4, phycoerythrin (PE) -conjugated anti-mouse CD25, and allophycocyanin (APC)-conjugated anti-mouse forkhead box P3 (Foxp3). Data were analyzed using Flowing Software_2\_5_1.

All the analyses were performed by using Graphpad Prism v6 and SPSS 16 software. Calculation of means±SD was performed and the Student's *t*-test was used for determination of significant differences between 2 groups. *P*-values\<0.05 were considered significant. After prepatent period of *S. obvelata* in experimentally infected mice, the new eggs were observed by scotch tape test in the perianal area. After 4 weeks (end of the study period) and before the start of analyses, mice were sacrificed; a lot of alive and active worms were observed in their caeca. Also, a large number of eggs were seen in the perianal region. Observation of worms and eggs indicated the active presence of *S. obvelata* during the study.

[Fig. 1](#f1-kjp-55-4-439){ref-type="fig"} displays production of cytokines by MLN cells from control and infected group. As shown in [Fig. 1A](#f1-kjp-55-4-439){ref-type="fig"}, MLN cells from infected mice released more IL-10 (55.3±2.2) than the control group (35.2±3.2). The level of IL-17 was increased all over the study in infected animals (52.9±3.8) compared to controls (41±1.8) ([Fig. 1B](#f1-kjp-55-4-439){ref-type="fig"}). Production of IFN-γ in infected group (44.8±4.8) was significantly increased compared to control animals (22.3±2.3), during the course of the study ([Fig. 1C](#f1-kjp-55-4-439){ref-type="fig"}). TNF-α production in infected mice (71.1±5.8) was significantly increased compared to the control animals (60.1±3.3) ([Fig. 1D](#f1-kjp-55-4-439){ref-type="fig"}). Since Foxp3 is a specific marker for CD4^+^ CD25^+^ Tregs \[[@b14-kjp-55-4-439]\], we determined the percentage of CD4^+^ CD25^+^Foxp3^+^ T cells as that of CD4^+^CD25^+^ Tregs. As shown in [Figs. 2](#f2-kjp-55-4-439){ref-type="fig"} and [3](#f3-kjp-55-4-439){ref-type="fig"}, the percentages of CD4^+^CD25^+^Foxp3^+^Tregs in mice infected with *S. obvelata* (5.2±0.3) were significantly higher than those in the control group (3.6±0.5).

Helminth infections are associated with immunomodulatory sophisticated mechanisms that affect all facets of the host immune response to ensure their persistence within the host \[[@b15-kjp-55-4-439]\]. The protective immune responses against many helminth parasites have been characterized by 2 key features; a mainly Th2 immune response \[[@b16-kjp-55-4-439]\] and downregulation of the immune response as described by elevated levels of IL-10, TGF-β, and frequency of regulatory T cells. Th2 cytokines (IL-4 and IL-10) may play an important role in reducing the severity of the disease and allowing parasite survival \[[@b17-kjp-55-4-439]\]. MLN and lamina propria T cells make more IL-10 and TGF-β after early *H. polygyrus* infection \[[@b18-kjp-55-4-439]\]. Several different helminth species promote IL-10 secretion.

CD4^+^CD25^+^ Treg cells were increased in the MLNs during helminth infections and may promote the survival of helminths. They block protective immunity in mouse models of filariasis \[[@b19-kjp-55-4-439]\]. Some species of Treg cells expressing the transcription factor Foxp3 are numerous and more active in helminth-infected individuals but decreased after anthelmintic therapy \[[@b15-kjp-55-4-439]\]. Foxp3^+^Treg cells play very important role in suppression of immune responses during helminth infection, both by preventing immunity in order to survive parasites in host and by controlling harmful immunopathology \[[@b20-kjp-55-4-439]\]. The expansion and activation of Foxp3^+^Treg cells occur within the first week of both filarial and intestinal nematode \[[@b21-kjp-55-4-439]\] infections. Also after *H. polygyrus* infection increases the number of Foxp3^+^ Treg cells in the MLNs \[[@b22-kjp-55-4-439]\] and intestinal lamina propria.

Filariasis patients with pathological symptoms (onchocerciasis/river blindness) and lymphatic filariasis (elephantiasis) show reduced Treg cell levels compared with those in unresponsive asymptomatic carriers \[[@b23-kjp-55-4-439]\]. This evidence supported the argument that the Treg cells maintain tolerance and prevent pathology in these infections. The effects of Treg cells in worm-infected mice also mirror those in human subjects. Treg cells are instrumental in debilitation of autoimmune disease in mice infected with schistosomes and gastrointestinal nematodes \[[@b24-kjp-55-4-439]\]. The increased and expansion of these Treg cells during helminth infections may be responsible for the suppression of autoimmune diseases, which has been noted in several studies \[[@b25-kjp-55-4-439]\]. Many reports have shown that increased Treg cell activities and immunosuppressive cytokine productions were observed in prevalent soil-transmitted nematode infections \[[@b26-kjp-55-4-439]\].

Experimental murine models of intestinal helminth infections are highly informative in providing an understanding of the factors contributing to resistance or susceptibility to autoimmune and idiopathic inflammatory diseases in both humans and animals \[[@b27-kjp-55-4-439]\]. Before doing any immunology research, it should be noted that some strains of mice models tend to produce unilateral cytokine profiles. C57BL/6 and BALB/c mice are common Th1 and Th2-type mouse strains, respectively \[[@b28-kjp-55-4-439]\]. C57BL/6 strain is more susceptible to express many inflammatory conditions compared to another strain \[[@b12-kjp-55-4-439]\].

The oxyurid nematode *S. obvelata* is a global outbreak and do not cause specific disease in humans. *S. obvelata* is easy to be administered, produces in large numbers and stable in storage and transportation. *S. obvelata* is easily eradicated by anthelmintic drugs, such as piperazine, thiabendazole, mebendazole, or ivermectin \[[@b29-kjp-55-4-439]\].

We determined *S. obvelata*-induced host immune responses which showed evidence for protective IL-10 and Foxp3^+^ Treg cells being essential for survival of helminths in the host. Our data indicated that the percentage of FoxP3^+^ Treg was increased significantly in infected C57BL/6 mice compared to control mice, it indicated that Foxp3^+^ Treg cells may be involved in the modulation during *S. obvelata* exposure.

We concluded that the nematode *S. obvelata* and its products have potential and agreed criteria \[[@b30-kjp-55-4-439]\] to be suitable for use in helminth therapy. These are our preliminary data and further studies are needed.
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